Chapter 5: IMPACT OF SULFUR TAX ON AIR QUALITY IN
TWO HYPOTHETICAL AIR QUALITY CONTROL REGIONS

5.1 Introduction

This chapter briefly examines the effect of a sulfur tax on ambient
sulfur dioxide (502) concentrations in two hypothetical Air Quality Control
Regions (AQCR's). A proportional model is used to relate annual sulfur
emissions to annual arithmetic mean 502 concentrations. This model assumes
uniform air quality across a region and a proportional relationship
between changes in emissions and air quality. It is recognized that air
guality varies across most regions; quality varies according to location
and temporal and climatic conditions. The use of the proportional model
here is only expositional; diffusion modeling is required to predict the
distribution of air quality within a region. The effects of several sulfur
tax rates on emissions and on S()2 concentrations are compared, and the
required tax rates to achieve the National Ambient Air Quality Standards
for SO2 in each region are determined.

5.2 Relationship between S0, Concentration and Sulfur Emissions

Assuming ambient pollutant concentration proportional to pollutant
emissions, the concentration, C, resulting from a reduction in emissions
is given by:

C = Cp (1 -r) (1)

where Cp is the initial ambient pollutant concentration and r is the
reduction in emissions expressed as a decimal percent.

Similarly, emissions after reduction, E, can be obtained from:
E = Ep (1 -r) (2)

where EP is initial emissions and r is defined above.
If an ambient air quality standard, CS, is specified:
CS:CP (]"r)a (3)
then this equation, upon dividing both sides by C and changing signs,

gives the familiar proportional equation:

c -¢C
L= = (4)
p
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Thus, Eq. 1 can be used to calculate a new pollutant concentration resulting
from a reduction in emissions, Eq. 2 can be used to calculate the emissions
corresponding to a specified decimal percent reduction, and Eq. 4 can be
used to calculate the required decimal percent reduction in emissions to
achieve a specified ambient air quality standard.
5.3 Hypothetical AQCR's

5.3.1 Hypothetical AQCR A

This AQCR contains a petroleum refinery, a sulfuric acid plant, and

point and area combustion sources of sulfur emissions including steam-
electric power plants. Estimated annual uncontrolled sulfur emissions
are 568,301 tons. Table 28 shows the distribution of emissions by source.
The annual arithmetic mean SO2 concentration is 0.085 ppm.

Table 28. Sulfur emissions by source for two hypothetical
Air Quality Control Regions*

(tons per year)

Tax Rate (cents per ton of sulfur emissions)

Source Uncontrolled 5 10 15 20 25 30
AQCR A
Petroleum refineries 47,597 40,750 35,845 34,079 34,079 34,079 34,079
Sulfuric acid plants 11,294 11,294 3,298 1,357 1,295 1,094 1,094
Primary nonferrous smelters
Lead 0 0 4] 0 0 ¢ 0
Zinc 0 0 0 0 0 0 0
Copper 0 0 0 0 0 0 0
Stationary combustion 509,410 182,157 105,975 79,227 61,817 61,553 56,847
Total 568,301 234,201 145,118 114,663 97,191 96,726 92,020
AQCR B
Petroleum refineries 19,776 17,083 15,539 14,690 14,465 14,465 14,465
Sulfuric acid plants 13,265 13,265 2,345 1,670 1,435 1,435 1,368
Primary nonferrous smelters
Lead 10,373 10,373 10,373 2,581 2,581 2,581 2,581
zZinc 781 781 79 79 79 79 79
Copper 0 0 0 0 0 0 0
Stationary combustion 450,393 148,203 85,948 68,532 66,236 45,072 42,463
Total 494,588 189,705 114,284 87,552 84,796 63,632 60,956

*These are representative of large metropolitan regions.
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5.3.2 Hypothetical AQCR B

This AQCR contains a primary nonferrous smelter, a petroleum refinery,

a sulfuric acid plant, and point and area combustion sources of sulfur
emissions including steam-electric power plants. Estimated annual un-
controlled sulfur emissions are 494,588 tons. Table 28 shows the distri-
bution of emissions by source. The annual arithmetic mean SO2 concentration
is 0.047 ppm.

5.4 Effect of Sulfur Tax on Emissions and Ambient SO, Concentrations

5.4.1 Sulfur Emissions

The relationship between annual sulfur emissions and tax rate for
the two hypothetical ACQR's is shown in figure 31. Annual sulfur emissions
and the decimal percent reduction in annual sulfur emissions associated
with each tax rate, as well as the annual sulfur emission and decimal
percent reduction required to achieve the National Ambient Air Quality
Standards for 502 (0.03 ppm annual arithmetic mean), are shown in table 29.
5.4.2 Ambient S0, Concentrations

The reductions associated with each tax rate in table 29 and the

initial 502 concentrations were substituted in Egq. 1 to calculate the

6%%
)
Al

oy

AQCR B-¥ ~==au]

7
prad
9 £
Qo %\
8% | W
53 3 ’x‘(\
=l
P \\ :
Do 2 \‘\ A,AQCR A
2 ¢ ~
«Q
“ =
2
z

9

P e e e e el 2 € s - 6 Lot Sarewon = 0o ()

0] 5 0 15 20 25 30
TAX RATE
(CENTS PER POUND OF SULFUR EMISSIONS)

Figure 31. Effectiveness of a tax on sulfur emissions for two hypothetical
Air Quality Control Regions (Source: Research Triangle Institute).

85



Table 29. Annual sulfur emissions and percent reduction
with various tax rates

Tax rate (cents per pound of sulfur emissions) To achieve
ambient air
0 5 10 15 20 25 30 |quality standard
Hypothetical AQCR A
Annual sulfur
emissions i
(tons/year) 568,301 | 234,201 | 145,118 | 114,663 | 97,191 | 96,726 | 92,020 198,905*%
Reduction
(decimal percent) 0 0.59+ 0.75 0.80 0.83 0.83 0.84 0.65%
Hypothetical AGCR B
Annual sulfur t
emissions
{tons/year) 494,588 | 189,705 | 114,284 87,552 | 84,796 | 63,632 | 60,956 316,536%*
Reduction ]
{decimal percent} 4] 0,62+ 0.77 0.82 0.83 0.87 0.88_ 0.36%

*Calculated from Eq. 2.
tCalculated by rearranging Eq. 2 and solving for r.
TCalculated from Eq. 4.

corresponding annual arithmetic mean SOZ concentrations which are plotted
in figure 32. Inspection of figure 32 indicates that the standard would
be achieved at tax rates approximating 6 and 2 cents per pound of sulfur
in AQCR's A and B, respectively.

The simplified analysis presented herein illustrates the relationship
between sulfur emissions and ambient 502 concentrations and the effect
of increasing sulfur tax rates on both. However, it must be remembered
that the assumed proportionality describes air quality in terms of one
concentration, which is assumed to prevail throughout the AQCR. Since the
sulfur tax would permit each source to select a cost minimizing mix of
tax payments and emission control expenditures, the air quality standard
may be exceeded in the vicinity of some sources if the tax rate is too
low. To adequately explore the regional effects of a sulfur tax, it would
be necessary to employ a diffusion model capable of examining the
influence of individual sources on air quality.
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Figure 32. Relationship between tax rates and air quality for two hypothetical
Air Quality Control Regions (Source: Research Triangle Institute).
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